Aim: The aim of this study was to verify the association between self-reported neck/shoulder pain and migraine and to compare findings of chronic and episodic migraine in adolescents. Methods: In this cross-sectional study, 601 secondary-school students filled in questionnaires about headache appearance, type and frequency, neck and shoulder pain and lifestyle factors. Results: The adjusted strength of the association between reported neck and shoulder pain and migraine (assessed in multinomial regression models) increased with the frequency of migraine: less than once a week (OR ¼ 1.40; 95% CI ¼ (0.85-2.30)), weekly (OR ¼ 2.14; 95% CI ¼ (1.42-3.24)), and at least 15 days/month (OR ¼ 7.27;). Conclusion: In adolescents the association between self-reported neck and shoulder pain and migraine is most pronounced in migraine with a high attack frequency.
Introduction
An epidemiological survey showed that 69.4% of adolescents had experienced headache at least once during the previous three months, with 6.9% suffering from migraine (1) . An association of neck/ shoulder pain was specifically found in students with migraine (2) . A pathophysiological explanation could be that nociceptive afferents from the painful neck/shoulder areas to the caudal trigeminal nuclei may contribute to the sensation of migrainous headache (trigemino-cervical complex (TCC) (3)). Another explanation may be that recurrent activation of central neurons within the TCC gives rise to referred pain in the neck/shoulder regions innervated by the upper cervical nerves.
As yet it is unclear whether the association between self-reported neck/shoulder pain and headache is equally pronounced in chronic (15 headache days per month) and episodic migraine (<15 headache days/month) in adolescents. The objective of this study was to address the following two questions:
1. Are adolescents with chronic migraine more likely to experience neck/shoulder pain than adolescents with episodic migraine?
2. Is the association of migraine and self-reported neck/ shoulder pain greater in adolescents with chronic migraine than in those with episodic migraine?
Methods

Study population
Our study sample consists of data from 1674 students recruited for an intervention study with data collection between November 2011 and January 2012 (2) . Students in the eighth to 10th grade from 12 grammar schools in the greater Munich area participated. Questionnaires concerning headache and risk factors for headache were completed during a school lesson under the supervision of a medical doctor. For this analysis only students with pure migraine (at least one episode in the last six months) or without any headache (in the last six months) and with full information on headache type, frequency, neck/shoulder pain and possible confounders (stress, consumption of alcohol, coffee, soft drinks containing caffeine, smoking, physical inactivity) were included. The study was approved by the Data Safety Officer and the Ethics Committee (356/2011) of the University of Munich.
Assessment of headache, neck/shoulder pain and risk factors
Headache was assessed using the question ''Did you experience headache in the last six months?'' Children who answered ''yes'' were asked further questions concerning the characteristics of their headache to enable the type of headache to be classified according to the International Classification of Headache Disorder, third edition beta (4) . The questions were based on the Essener Headache Questionnaire (5) .
Frequency of headache was assessed using the questions ''On how many days in the last three months have you experienced headache?'' The average days per month/week were calculated. Frequency was categorized as less than once a week (less than four days per month), at least once a week but not chronic (four to 14 days per month) or chronic migraine (at least 15 days per month).
Students were assumed to suffer from neck/shoulder pain if they answered ''yes'' to the question ''Do you have painful muscles in the neck and shoulder region?''
Other risk factors for migraine were also assessed as described in detail previously (2) .
Statistical analysis
Prevalence of demographics and potential risk factors for headache and means of age were calculated both for the groups of students with self-reported neck/shoulder pain (yes/no) and for the groups with migraine (yes/no). Differences between the groups were assessed using chisquare or T statistics. Risk factors with differences between groups (p value <0.1) for both neck/shoulder pain (yes/no) and migraine (yes/no), which are associated with both migraine and neck/shoulder pain, were included as possible confounders in the main analysis.
Prevalence with binomial confidence intervals (CIs) for self-reported pain by frequency of migraine categories was calculated.
The association between neck/shoulder pain and frequency of migraine was assessed in multinomial regression models with frequency as the dependent variable (reference: no headache) and neck/shoulder pain as the independent variable. Odds ratios (ORs) with 95% CIs and stepwise adjustment for confounders were calculated (statistical software R, version 3.1.0).
Results
In total 601 of the 1674 students aged 12-19 years (mean age ¼ 14.54, SD ¼ 1.18) with migraine or without any headache in the last six months were included in this analysis (Figure 1 ). Headache frequency was on average 10.57 days (SD ¼ 10.17) in the last three months with a mean intensity of 5.69 (SD ¼ 2.02) on a 10-point Likert scale. Of 360 students with migraine 99 had migraine less than once a week, 195 had weekly migraine and 66 fulfilled the criteria for chronic migraine (Table 1) .
Associations (p < 0.1) with both neck/shoulder pain and migraine were found for gender (female), stress, coffee and alcohol consumption, and smoking ( Table 1) .
The prevalence of self-reported regional pain increased with increased frequency of migraine as follows: 33.6% for students without headache, 45.5% for adolescents with migraine less than once a week, 58.47% for students with weekly migraine, and 84.9% in adolescents with chronic migraine (test for trends: p < 0.0001) ( Figure 2 ).
While there was no association between self-reported neck/shoulder pain and migraine less than once a week after adjustment for confounding, a clear association was observed for weekly migraine (OR ¼ 2.37, 95% CI ¼ (1.42-3.24)) that further increased for chronic migraine (OR ¼ 7.27, 95% CI ¼ (3.42-15.44)) ( Table 2 ).
Discussion
The key finding of our study is the 2.4-fold increased risk in adolescents with episodic migraine (at least weekly) and the seven-fold increased risk in adolescents with chronic migraine of self-reported shoulder/neck pain, when taking confounding by other risk factors into account. In a previous study, an association of self-reported neck pain with migraine was found while the observed association of neck pain with isolated tension-type headache (TTH) could be explained by confounding (2) . The present study found that selfreported neck pain is more strongly associated with chronic than with episodic migraine. Other studies also pointed to the association between neck pain and migraine (e.g. Grimmer et al. (6) and Blaschek et al. (7) ), but no differentiation between episodic and chronic migraine was made. Even if there are studies in adults assessing the association of neck pain and migraine frequency (8) (9) (10) , this association has not been evaluated in adolescents yet.
Since the association between migraine, in particular chronic migraine, and self-reported neck/shoulder pain was only partially attenuated by adjustment for confounders like stress, a biologically independent association between regional pain and chronic migraine can be assumed.
Several hypothetical explanations for the association of migraine and neck/shoulder pain are discussed in the literature. Migraine is seen as the result of trigeminovascular activation (11) leading to increased neuronal activity in the caudal trigeminal nucleus. There is also a strong convergence on these neurons by nociceptive afferents from the upper cervical structures (the TCC (3)). Another brain area with electrophysiological convergence from the somatic and trigeminal sensory neurons is the posterior thalamus (12) .
Patients with chronic migraine report neck/shoulder pain more often than patients with episodic migraine or healthy controls. One hypothesis is that relapsing pain attacks induce increased muscle tone via the limbic system (13) and a higher number of trigger points (8) and subsequently a sensitization at afferent pathways. These nociceptive afferents may again trigger recurrent migraine attacks. A sensitization at the level of the second-and third-order neurons could also account for the higher frequency of migraine in patients with neck/shoulder pain (3). Thus, there may be several sites in the nociceptive system where convergent information from the cephalic and extracephalic system can be found and where increased nociceptive input from extracephalic areas (e.g. neck/shoulder) may lower the activation threshold because of nociceptive afferents from the trigemino-vascular system. Therefore it might be beneficial to reduce the nociceptive input from these extracephalic structures in order to reduce the frequency of migraine attacks.
Strengths and limitations
A strength of this study is its sample size, which provides sufficient cases to disentangle the association between self-reported neck/shoulder pain and infrequent/frequent migraine because CIs for chronic migraine did not overlap with CIs for weekly migraine or migraine less than once a week. The subgroup of students with chronic migraine, however, is quite small, which causes wide CIs and must be considered in the interpretation of the results.
A limitation of the study might be the assessment of neck/shoulder pain. Prevalence of pain was self-rated and assessed by a questionnaire, not based on a medical examination. Therefore random misclassification appears possible, but would instead account for bias with unity. Similarly, headache was classified by a questionnaire only. Several studies, however, have confirmed that headache questionnaires have an adequate sensitivity, specificity and predictive value regarding clinical diagnosis (14-16). The external validity of our results is limited as our study population consisted of students from an urban area in Germany.
Because of the cross-sectional design of this study, it is not yet possible to confirm whether neck/shoulder pain predicts migraine.
Conclusion
In adolescents the association between self-reported neck/shoulder pain and migraine is most pronounced in migraine with a high attack frequency. A trend analysis shows that the prevalence of self-reported regional pain increased with the frequency of migraine: 33.6% of students without headache, 45.5 % of adolescents with migraine less than once a week, 58.5% of students with weekly migraine and 84.9 % of adolescents with chronic migraine reported neck/shoulder pain.
Clinical implications
. Self-reported pain in the neck and shoulder area is associated with migraine in adolescents. . The association of this self-reported pain is stronger in individuals with a high frequency of migraine (chronic migraine) compared to patients with a lower frequency of attacks (episodic migraine).
